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Typical Cure Data, Capacitance (C) at 4 frequencies 
(3kHz to 9 kHz) 
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Typical Cure Data, Conductance (G) at 4 frequencies 
(3kHz to 9 kHz) 
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Correlation between T90 and Impedance Measurement (3 kHz reactance (X)) 

R-sqr - 0.889 

0.016 r— — ■ — — — — ■ — ■ ■ . ■ — 




-0.002 f- — ' — ' — ' — i — ■ ■ ■ > — i — ■ — ■ — — — ■ — — — ■ — ■ — ' — ' — 

120 140 160 180 200 220 

T90 (SEC) 



LEGEND: 

o Data Point: coordinates being (for a given curing condition): Evaluator 6 
determined time, and a corresponding rheometrically determined cure time. 

Best Fit through the Data Points 

95% Confidence Intervals 
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LEGEND: 

o Data Point: coordinates being (for a given curing condition): a determined time 
from a selected four-term multiple regression instance of Equation 2, and a 
corresponding rheometrically determined cure time. 

Best Fit through the Data Points 

95% Confidence Intervals 
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From a first predetermined number (e.g., 20) of the impedance 
related measurement collections that have the best correlations 
with the rheometric data (e.g., T90 times), analyze all 
combinations of e.g., 4, impedance related measurement 
collections for determining which of these combinations have 
quadruples that best correlate with the rheometric data. Then 
determine a 4 term multiple regression formula (Equation 2) 
having the highest R-square correlation with the rheometric data. 
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Conduct a series of part test cures using a variation of 
Equation 2 wherein the variation (i.e., Equation 3) has an 
adjustment term for adjusting predicted cure times. 
Determine a value for the adjustment term so that 
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Control System 34 receives 
"start cycle" signal 40 from 
vulcanization equipment 45 via 
discrete input device 37. 
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The Controller 43 directs the 
Digital Signal Generator 41 and 
the data acquisition card 35 to 
generate a 1 to 10 volt AC signal 
at one or more frequencies for 
input to the impedance sensor(s) 
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demodulated by demodulation 
routine 42 and analyzed by the 
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predicted for the current cure 
cycle. 
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Typical impedance data obtained during cure, Natural Rubber 
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Conditions and Rheometry for Natural Rubber Designed Experiment 
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Fig. 17 

Correlation between Algorithm and Rheometry within Natural Rubber Desi gned Experiment 
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Correlation - SmartTrac Curetimes vs. Rheometry 
3 temperatures, 3 levels of accelerator loading 
3 replicates, (27 cases total), r-square = 0.99 
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LEGEND: 



o Data Point: coordinates being for (a given curing condition): a determined 
time from a selected four-term multiple regression instance of Equation 3, 
and a corresponding rheometrically determined cure time. 

Best Fit through the Data Points 

95% Confidence Intervals 
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LEGEND: 

o Data Point: coordinates being (for a given curing condition): a determined 
time from a selected four-term multiple regression instance of Equation 3 
for natural rubber, and a corresponding rheometrically determined cure 
time. 

Best Fit through the Data Points 

95% Confidence Intervals 
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